Two new coordination polymers, namely, poly [[ 3 -3-(1H-benzimidazol-2-yl (2) have been synthesized from 3-(1H-benzoimidazol-2-yl)propanoic acid ligands through a mixedligand synthetic strategy under a solvothermal environment, and studied by single-crystal X-ray diffraction. Complex 1 crystallizes in the orthorhombic space group Pbca and features a two-dimensional structure formed by a binuclear Zn 2 O 4 core. Complex 2, however, crystallizes in the monoclinic space group P2 1 /c and forms a one-dimensional chain structure. The Zn II and Cd II ions have different coordination numbers and the 3-(1H-benzoimidazol-2-yl)-propanoate ligands display different coordination modes. The structures reported here show the importance of the selection of metal ions and suitable ligands.
Two new coordination polymers, namely, poly [[ 3 -3-(1H-benzimidazol-2-yl) propionato]zinc(II)], [Zn(C 10 H 8 N 2 O 2 )] n , (1), and poly[bis[ 2 -3-(1H-benzimidazol-2-yl)propionato]cadmium(II)], [Cd(C 10 H 8 N 2 O 2 ) 2 ] n , (2) have been synthesized from 3-(1H-benzoimidazol-2-yl)propanoic acid ligands through a mixedligand synthetic strategy under a solvothermal environment, and studied by single-crystal X-ray diffraction. Complex 1 crystallizes in the orthorhombic space group Pbca and features a two-dimensional structure formed by a binuclear Zn 2 O 4 core. Complex 2, however, crystallizes in the monoclinic space group P2 1 /c and forms a one-dimensional chain structure. The Zn II and Cd II ions have different coordination numbers and the 3-(1H-benzoimidazol-2-yl)-propanoate ligands display different coordination modes. The structures reported here show the importance of the selection of metal ions and suitable ligands.
Chemical context
The structures of coordination polymers are strongly influenced by the organic ligands and metal ions and it is important to choose suitable ligands and metal ions under appropriate synthetic conditions to synthesize coordination complexes with interesting structures. The exploration of metal-organic frameworks (MOFs) have received much attention because of their intriguing architectures and wide range of potential applications in different fields (Castellanos et al., 2016; Zhang et al., 2016; Kumar et al., 2015; Liu et al., 2016; Mü llerBuschbaum et al., 2015; Duerinck & Denayer, 2015; Mohan et al., 2015) . The assembly of Zn II (Jurcic et al., 2015; Karmakar et al., 2016a,b; Liang et al., 2016; Wannapaiboon et al., 2015; Ying et al., 2015) and Cd II (Xiao et al., 2015 , Wu et al., 2011 , Hu et al., 2015 , Cao et al., 2014 , Zhang et al., 2015 ions with multidentate nitrogen-containing ligands has produced various MOFs with fascinating structures and luminescent properties. The selection of chelating or bridging organic linkers often favors a structure-specific assembly and the factors that govern the formation of such complexes are complicated and include not only the nature of the Zn II and Cd II ions and ligand structure but also anion-directed interactions as well as reaction conditions. In order to explore the coordination chemistry of this type of ligand, 3-(1H-benzimidazol-2-yl) propanoic acid (H 2 BIP) was chosen in the present study to construct new coordination polymers. A two- ISSN 2056-9890 dimensional Zn II polymer and a one-dimensional Cd II coordination polymer have been obtained.
Structural commentary
Complex 1 crystallizes in the orthorhombic crystal system in the centrosymmetric space group Pbca. The 3-(1H-benzoimdazol-2-yl)propanonic acid ligand deprotonates completely when bonding to Zn II ions. The asymmetric unit of 1 consists of one Zn II ion and one 3-(1 2 -benzoimidazol-2-yl)propanoate anion. Geometric parameters are given in Table 1 . As shown in Fig. 1 , the Zn II ion has a tetrahedral ZnO 2 N 2 environment completed by N2 from one 3-(1 2 -benzoimidazol-2-yl)propanoate anion, O2(Àx + (7) ] fall into the normal range. Each 3-(1 2 -benzoimidazol-2-yl)propanoate anion shows a tridentate chelating mode bridging three Zn II ions with the ZnÁ Á ÁZn distances of 4.066 (1), 5.870 (2) and 6.965 (2) Å . Zn1 and the symmetry-related Zn1 forming the shortest distance are bridged by O1 and O2 to form a binuclear Zn 2 cluster. Adjacent clusters are connected by a Zn-N bond of 1.9661 (16) Å to generate 2D square-grid (4,4) layers (Fig. 2) Table 1 Selected geometric parameters (Å , ) for 1. The asymmetric unit of 1, with additional symmetry-related atoms. The displacement ellipsoids are drawn at the 30% probability level [symmetry codes:
Figure 2
A perspective view of the 4-connected nodes in 1.
As there are no classical hydrogen bonds in 1, these layers are packed by normal van der Waals forces into an extended 3D framework (Fig. 3) . Complex 2 crystallizes in the monoclinic crystal system in the centrosymmetic space group P2 1 /c. The 3-(1H-benzoimidazol-2-yl)propanonic acid ligands do not deprotonate completely when bonding to Cd II ions. Geometric parameters are given in Table 2 . As shown in Fig. 4 , the Cd II ion is fivecoordinated by N3 from one 3-(1H-benzoimidazol-2-yl)-propanoate anion, N1(x, y À 1, z) from the second 3-(1H-benzoimidazol-2-yl)propanoate anion, O1 from the third and O3(Àx, Ày, Àz + 1) and O4(Àx, Ày, Àz + 1) from the fourth. All the Cd-N/O bond distances [Cd-O: 2.285 (2)-2.362 (2) and Cd-N: 2.262 (3)-2.271 (3) Å ] and the bond angles around ] fall into the normal range. A distance of 2.667 (2) Å between Cd1 and O2 indicates the existence of a weak interaction between them. Two HBIP À anions connects two Cd II ions with one bidentate carboxylate and one N atom forming end-to-end binuclear Cd 2 cluster with a distance of 7.274 (1) Å . The other two HBIP À anions act as bridges to join two neighboring binuclear Cd 2 clusters with one monodentate carboxylate and one N atom to generate 1D ladders along the b-axis direction (Fig. 5) . In the crystal, N-HÁ Á ÁO hydrogen bonds (Table 3) and -interactions involving the imidazole rings and benzimidazole ring systems with centroid-centroid distances of 3.569 (2) and 3.838 (2) Å connect the 1D ladders along a-and c-axis directions into an extended 3D framework (Fig. 6) . Although there are large potential voids within the 1D ladders (7.274 Â 8. 025 Å based on the distances of the Cd II ions), they are interblocked by adjacent ladders.
Supramolecular features
The structures and the coordination modes of complexes 1 and 2 are quite different, which may be ascribed to a diverse metal coordination habit. The crystal structure of a Zn II complex based on H 2 BIP is reported for the first time. In a comparison with its counterparts based on similar benzoimidazole carboxylic acids ligands, benzimidazole-2-butanoic acid (H 2 BIB) and 2-(1H-benzimidazol-2-ylthio)acetic acid (H 2 BITA), the Symmetry codes: (i) x; y À 1; z; (ii) Àx; Ày; Àz þ 1.
Table 3
Hydrogen-bond geometry (Å , ) for 2. 
Figure 3
View of the three-dimensional framework of 1 formed by twodimensional undulating sheets and van der Waals forces.
Figure 4
The asymmetric unit of 2, with additional symmetry-related atoms. The displacement ellipsoids are drawn at the 30% probability level [symmetry codes: (A) Àx, Ày, Àz + 1; (B) x, y À 1, z].
Figure 5
A view of the one-dimensional ladders in 2. 
Database Survey
Complexes with benzimidazole-based carboxylic acid, for example, 1H-benzimidazole-2-carboxylic acid Qiao et al., 2013; Małecki & Maroń , 2012; Machura et al., 2014; Ferná ndez et al., 2016 ) and 3-(1H-benzimidazole-2-yl) propanoic acid 
Synthesis and crystallization
3-(1H-Benzimidazol-2-yl)propanoic acid (H 2 BIP) was prepared by a literature method (Delval et al., 2008) . Other reagents and solvents used in the reactions were purchased from Aladdin-Chemical and used without purification.
Preparation of 1
H 2 BIP (0.02 mmol, 0.038 g) and Zn(NO 3 ) 2 Á6H 2 O (0.2 mmol, 0.060 g) were dissolved in EtOH/H 2 O (1:1 v/v, 8 ml) mixed solvent. The mixture was sealed in a closed vessel and heated at 413 K for 72 h; the mixture was then cooled slowly to room temperature at a rate of 2 K h À1 . Many paleyellow block-shaped crystals were collected.
Preparation of 2
H 2 BIP (0.02 mmol, 0.038 g), Cd(CH 3 COO) 2 Á2H 2 O (0.2mmol, 0.053 g) were dissolved in EtOH/H 2 O (1:1 v/v, 8 ml) mixed solvent. The mixture was sealed in a closed vessel and heated at 413 K for 72 h; the mixture was then cooled slowly to room temperature at a rate of 2 K h À1 . Many brown prismatic crystals were collected.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . H atoms on N atoms were found in the difference-Fourier map and were refined isotropically while restraining the N-H distances to 0.86 Å . Other H atoms were generated geometrically and were allowed to ride on their parent atoms in the riding-model approximation, with C-H = 0.93 Å , U iso (H) = 1.2U eq (C)(aromatic) and C-H = 0.97 Å , U iso (H) = 1.5U eq (C) for methyl hydrogen atoms. SHELXL2014 (Sheldrick, 2015) and OLEX2 (Dolomanov et al., 2009 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) and OLEX2 (Dolomanov et al., 2009 ); molecular graphics: DIAMOND (Brandenburg, 2008) ; software used to prepare material for publication: publCIF (Westrip, 2010) and PLATON (Spek, 2009) .
Funding information

Poly[[µ 3 -3-(1H-benzimidazol-2-yl)propionato]zinc(II)] (1)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
N2-C1-C2-C3 −178.1 (2) N2-C7-N1-Zn1 iii −170.56 (13) C6-C1-C2-C3 1.8 (3) C8-C7-N1-Zn1 iii 4.9 (3) C1-C2-C3-C4 0.0 (4) C5-C6-N1-C7 −177.4 (2) C2-C3-C4-C5 −1.8 (4) C1-C6-N1-C7 0.7 (2) C3-C4-C5-C6 1.6 (4) C5-C6-N1-Zn1 iii −8.6 (3) C4-C5-C6-N1 178.1 (2) C1-C6-N1-Zn1 iii 169.47 (14) C4-C5-C6-C1 0.2 (3) N1-C7-N2-C1 0.6 (2) C2-C1-C6-N1 179.73 (18) C8-C7-N2-C1 −174.75 (18) N2-C1-C6-N1 −0.4 (2) N1-C7-N2-Zn1 174.49 (13) C2-C1-C6-C5 −2.0 (3) C8-C7-N2-Zn1 −0.8 (3) N2-C1-C6-C5 177.93 (18) C2-C1-N2-C7 179.8 (2) N2-C7-C8-C9 90.4 (2) C6-C1-N2-C7 −0.1 (2) N1-C7-C8-C9 −84.6 (2) C2-C1-N2-Zn1 6.1 (3) C7-C8-C9-C10 61.3 (2) C6-C1-N2-Zn1 −173.81 (13) C8-C9-C10-O1 −144.39 (18) O2-C10-O1-Zn1 iv −19.8 (3) C8-C9-C10-O2 36.4 (3) C9-C10-O1-Zn1 iv 160.95 (13) N2-C7-N1-C6 −0.8 (2) O1-C10-O2-Zn1 iii 108.7 (2) C8-C7-N1-C6 174.63 (18) C9-C10-O2-Zn1 iii −72.1 (2) Symmetry codes: (i) x−1/2, −y+1/2, −z; (ii) −x+3/2, y+1/2, z; (iii) −x+3/2, y−1/2, z; (iv) x+1/2, −y+1/2, −z.
Poly[bis[µ 2 -3-(1H-benzimidazol-2-yl)propionato]cadmium(II)] (2)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
